Beer, Wood, and Welfare * Local beer breweries in Burkina Faso absorb a considerable amount of urban woodfuel demand. We assess the woodfuel savings caused by the adoption of improved brewing stoves by these, mostly female owned, small enterprises and estimate the implied welfare effects through the woodfuel market on private households. We find substantial wood savings among the breweries and, subsequently, huge welfare gains for households. Since woodfuel is predominantly used for cooking by the poorer strata, the intervention under study is an example for a green growth intervention with pro-poor welfare gains -something green growth strategies should look for.
Introduction
Poverty and environmental hazards are directly related. One of the most striking examples for this is the usage of biomass -mostly firewood and charcoal -for cooking purposes. More than 3 billion people rely on such fuels, because modern cooking fuels like electricity or gas are not affordable or accessible. The provision of woodfuels is associated with a heavy burden for the users. In rural areas where firewood is mostly collected, it induces a substantial work load, in urban areas where charcoal or firewood must be bought, it induces a heavy monetary burden. In addition, the wood extraction and the combustion in mostly very inefficient cooking devices have severe environmental implications (see Pant et al. 2014 , Martin et al. 2011 . First, on the local level the bad combustion process leads to smoke emissions that contain harmful pollutants killing 4.3 million people every year according to the World Health Organisation (WHO, 2012) . On the regional level, biomass usage contributes to deforestation and forest degradation. On the global level, burning biomass leads to climate relevant emissions, most notably CO2 and black carbon.
Combating such environmental deficits is high on the agenda of international cooperation and national governments. The idea of putting developing countries on an environmentally more sustainable trajectory has made inroads into the rhetoric of aid agency as green growth. In a recent paper, Stefan Dercon (Dercon, 2014) challenges the green growth concept by emphasizing that "curbing environmental damage now […] means diverting resources from other conventional growth-oriented opportunities". Thereby, the trade-off between the alleviation of current poverty and achieving intergenerational equity is put into the focus.
While Dercon clearly acknowledges that not internalizing environmental costs today might lead to future poverty, the high discount rates of today's poor and "their dire circumstances leave little room for the use of long planning horizons". In a nutshell, Dercon asks to what extent green growth is actually good for today's poor. Three green growth strategies are identified: First, internalizing externalities by changing prices, second, investments in environmentally less damaging production processes, for example energy efficiency enhancements, and, third, climate change adaptation investments.
In this paper, we provide evidence to this debate by examining the impacts of an energy efficiency intervention in Burkina Faso -called FAFASO -and the repercussions it has on the urban poor. The energy efficiency intervention endows local beer breweries in the two major cities of Burkina Faso with improved brewing stoves. Local beer breweries in Burkina Faso absorb a considerable amount of urban woodfuel demand -more than 50% according to 3 the Burkinabè Ministry of Environment. At the same time, virtually all private households rely on woodfuels for their daily cooking purposes with wood being a scarce and hence highly priced good in Sahelian Burkina Faso where deforestation advances at a rapid pace.
1 While the policy intervention under evaluation is a classical green growth intervention that focusses on energy consumption in enterprises, we evaluate not only the direct effects this has on the firewood consumption and CO2 emissions, but also the indirect effects on households: Since firewood unlike other climate relevant energy sources is traded on local markets only, drastically changing demand patterns can be expected to affect the prices the urban poor pay for a good they use on a daily basis.
Our analysis is based on two original data sets that we collected among local beer breweries and households in Ouagadougou and Bobo Dioulasso. The survey of 261 local beer breweries was conducted in September 2012. These local beer breweries are micro-enterprises virtually always run by women, the so-called dolotières. The consumption of the local beer, the dolo, as well as the craft of brewing it is deeply entrenched in the Burkinabè culture. It is usually modestly consumed, but on a very regular basis and by most Burkinabè. The brewing process is very energy and labour intensive and rather an artisanry than an industrial process. Our 2012 dolotières survey is complemented by a first wave of interviews among 219 dolotières of whom 88 are among the 261 interviewed in 2012. The first wave of data collection was conducted by IRSAT, an Ouagadougou based research institute, in 2010, i.e. before the intervention was implemented. The second dataset we use is a survey among 892 households in Ouagadougou that we conducted in December 2010. It contains unique information on cooking relevant issues including firewood and charcoal demand.
We use these two datasets to examine the effectiveness of the energy efficiency intervention and, subsequently, the effects it has on wood consuming households. As a first step, we examine the determinants of up-take of improved brewing stoves. Second, we estimate the wood savings associated with the use of an improved brewing stove. Third, we evaluate the implied welfare effects on private households resulting from a reduced price for wood and charcoal under actual and hypothetical adoption rates. Given that poorer households spend a larger share of their budget on cooking fuels than richer ones, reducing the price of woodfuel should be particularly pro-poor. Fourthly, we explore the environmental impact associated with reduced deforestation. 4 To our knowledge, this paper is the first to examine woodfuel consumption in microenterprises and the second-round effects of an energy efficiency intervention targeting woodfuel consumption. Our paper is related to the large literature on improved stoves for cooking (see e.g. Pant et al. 2014 , Smith-Sivertsen et al., 2009 Yu, 2011; Hanna et al., 2012; Peters, 2013, 2014 ) that usually focuses on health and environmental impacts as well as direct effects on energy expenditures, but that does not examine indirect effects on prices. Our paper also contributes to the literature on innovation and technology adoption in a context in which credit and insurance markets are incomplete and returns from innovation might be uncertain (see e.g. Foster and Rosenzweig, 1995; Blackman and Bannister, 1998; Bandiera and Rasul, 2006; Conley and Udry, 2010; Duflo et al., 2011) . The paper is also related to the literature that explores the distributional impacts of food price inflation and the inflation of other goods that particularly matter for poor households (see e.g. Prais, 1959; Deaton, 2003; Günther and Grimm, 2007; Wodon et al., 2008) . Finally, the paper contributes to the literature on the role of woodfuels for deforestation and the implied economic costs (see e.g. Ribot, 1999; Arnold et al., 2006) .
The remainder of the paper is organized as follows. In the next section we provide background information about the business of making 'dolo' and the stove intervention under study. In Section 3, we present our data. In Section 4 we explain how we assess direct savings for breweries, the indirect welfare effects for wood-consuming households and the environmental impact. Section 5, we first analyze adoption and then present the results for the three types of impacts. In Section 6 we conclude.
The business of making 'dolo' and the 'FAFASO' intervention
FAFASO is implemented by the GIZ under the umbrella of the Dutch-German energy partnership 'Energising Development' (EnDev). FAFASO, targets three types of actors:
households, social institutions, such as schools and health centres, and microenterprises. We focus on improved cooking stoves for local beer breweries. The FAFASO intervention differs from other earlier improved cookstove (ICS) promotion programmes in Burkina Faso mainly because it does not provide direct subsidies. Instead, it rather focuses on the training of ICS producers (whitesmiths, potters and masons), sensitization, and marketing campaigns. Further masons were trained in the Centre-Est region. Table 1 onwards might be due to market saturation. The early awareness campaigns by the FAFASO seem to have been quite successful, so that by 2012 maybe all those that had made plans to invest in such a stove had already bought one.
[please insert Table 1] The improved cooking stoves made for breweries -'Roumdé stoves' hereafter -are much larger than the household cooking stoves and are made of clay and bricks rather than metal. 2 These stoves are fixed and typically comprise between two and five huge cauldrons (although different sizes exist), the so-called 'marmites' (if made of aluminium) or 'canaris'
(if made of clay). Aluminium is more widespread in Ouagadougou and clay in BoboDioulasso. In front is an always-open door to the combustion chamber through which the firewood is loaded; typically by using entire trunks of wood that are by and by moved into the oven. A typical stove easily spans the surface of three to four square metres with the cauldrons arranged symmetrically over this space. In contrast traditional stoves basically consist of a set of cauldrons that is lifted by a few bricks allowing moving firewood under the cauldrons. Some slightly modified versions of these traditional stoves exist, which have some 6 sort of combustion chamber, but are not of the same quality than the Roumdé. Both the Roumdé and two traditional stoves are shown in Figure 1 .
[please insert Figure 1] A Roumdé costs about CFA F 27,500 (or EUR 42, official exchange rate used) 3 without the cauldrons. Aluminium cauldrons (marmite) cost depending on the size between CFA F 20,000 (EUR 30) and CFA F 60,000 (EUR 90) and are hence more expensive than the Roumdé it-self and much more expensive than clay cauldrons, but they also have a much longer life-span than the latter. Cauldrons made of clay often crack if the stove is overheated.
Aluminium cauldrons can in principle melt, but it seems that this happens only very rarely.
Because changing the cauldrons with a Roumdé is also expensive, since the upper mantle of the stove needs to be opened, some dolotières switch from clay to aluminium when they buy a Roumdé.
According to the GIZ a Roumdé saves at least 60% to 70% of the firewood needed with a traditional stove for one brewing process. However, it seems that the saving rate goes rapidly down if the improved stove is poorly maintained. In one field test conducted by the Institut de
Recherches en Sciences Appliquées et Technologies (IRSAT) a damaged improved stove even needed more firewood per litre of dolo than a traditional stove (Sanogo et al., 2011), confirming that a rigorous assessment of the effectiveness of such stoves requires a test under real world conditions where conditions include the quality status of the stove and how the stove is used.
Making dolo is a tradition. The activity is exclusively done by women (the so-called "dolotières"), typically Christian or animist, since Muslim women are not allowed to make alcohol. The alcohol arises once the boiling of the malt is done. By adding yeast and by letting it ferment, the beer -dolo -is produced. When the dolo is ready, the women typically fill up big plastic barrels of it. They then sell either directly to customers or to other retailers.
For the customers, most dolotières have a so-called cabaret, typically some benches to a shady spot outside the courtyard. Usually, the cabaret scene is geared towards simple socializing.
Excessive drunkenness is rare. People start passing through around eight or nine in the morning, on their way to work. Others come during the day or on their way back from work. 
Data
We use three different types of data: (i) dolo breweries survey data, (ii) information drawn from focus group discussions, in-depth interviews with stakeholders and other experts and field visits and (iii) household data on cooking behaviour. In what follows we briefly present each source.
Survey data on dolo breweries
In 2010 Ouagadougou 2,397 breweries were operating. In and around Bobo-Dioulasso the count was 1,144 breweries (Sanogo et al., 2011) . Because the census had been conducted at the end of the rainy season and some breweries temporally close in that period of the year, the actual number might even be a bit higher.
From this list of breweries, IRSAT then randomly selected 219 breweries -158 in and around Ouagadougou and 61 in and around Bobo-Dioulasso. With the help of a dolo producers association, the selected breweries were then contacted and interviewed. Our questionnaire collected information about the socio-demographic characteristics of these breweries and the people working there, the brewing process including wood consumption and about the awareness and possibly use of improved cooking stoves. This information was used by IRSAT to produce a report commissioned by the GIZ to better target and design the FAFASO activities, in particular the promotion of improved stoves for breweries that only started in 2010 (Sanogo et al., 2011 [please insert Table 2] The questionnaire used in 2010, had been enriched by a number of additional questions allowing better to scrutinize the impact of improved stoves on wood consumption.
Information on and related to wood consumption was only incompletely collected in 2010. In particular, information related to the stoves in use were asked separately for every stove such as the type of the stove, its condition, its age, its price, the number of cauldrons, the material of the pots and their size. The questionnaire included also more questions about the use of inputs and the awareness of and attitudes towards improved stoves. The questionnaire had been tested in the field prior to the survey. [please insert Table 3] Obviously, wood consumption is the central outcome in this study. Ideally, it would be measured by weighing the actual amount of wood used per brewing. Given the large quantities of wood involved and the long duration of the brewing process, we decided to ask 9 the dolotières to provide an estimate of the value of consumed wood. Local experts from IRSAT were confident that the dolotières know very well how much they consume and indeed as will be seen below, the provided information satisfies a number of plausibility checks suggesting that measurement error and in particular systematic (i.e. non-classical) measurement error is not a major issue. In fact breweries buy their wood very regularly and hence seem generally to have a good feeling of how much wood they use. damages the inner mantle of the stove. However, given the simplicity of traditional stoves, they are also less subject to obvious damages and, hence, their quality is very often reported to be good.
[please insert Table 4] Most breweries brew twice a week. The average brewing is much larger in Ouagadougou compared to Bobo-Dioulasso. In Ouagadougou almost 370 litres are produced with one 10 brewing. This requires as input about 85kg of malt and 7 barrels of water. The water-malt ratio determines the quality of the beer and also has an important influence on the required quantity of wood. In Bobo-Dioulasso many breweries produce their own malt and use less water; hence their beer has a higher concentration compared to the beer produced in
Ouagadougou. The average brewery in Ouagadougou has a monthly turnover of about EUR 500 to EUR 1,000 (assuming that a litre of dolo is sold at CFA F 100 to 200 Table 3 , more frequently their wood in smaller quantities, which typically means they have to pay a higher unit price compared to a larger purchase. In Ouagadougou about 32% of all breweries get their wood by truck and hence have typically a huge pile of wood they take from. One reason why breweries decide to buy in small quantities despite the higher price is that this prevents, at least in the rainy season, the wood from getting wet. Surprisingly, even the larger breweries, that systematically buy huge piles of wood, very often do not have a roof to protect their wood from humidity. In the rural part of Bobo-Dioulasso, some of the smaller breweries still collect or cut their own wood (8% of all breweries surveyed).
Focus group discussions, expert interviews and field visits
To complement the information drawn from the representative survey, we undertook intensive field work before and after the implementation of the brewery survey. Prior to the brewery survey, we interviewed the GIZ staff managing the project, project collaborators, a group of trained masons and a dolo producer association. Moreover, we visited more than ten breweries in Ouagadougou and Bobo-Dioulasso for in-depth interviews. The gathered information allowed getting a better understanding of the organization and process of dolo production, to adequately design the questionnaire of the survey and to enrich and complement the results from the quantitative impact assessment based on the survey data.
Survey data on woodfuel consuming households
To illustrate the welfare effects that arise for woodfuel consuming households as a consequence of a reduced price for woodfuel, we use data from a specific household survey that we conducted between February and March 2011 in Ouagadougou and Bobo-Dioulasso . Here we just use the sample for Ouagadougou which covers 892
households. This sample is representative for the population of Ouagadougou except the roughly five percent richest households. The surveys main purpose was to assess the effectiveness of improved cook stove use among private households. The dataset includes information about total expenditure per capita and expenditure per capita for wooduels, cooking energy and energy as a whole. Woodfuel consumption used for cooking -wood and charcoal -was also measured in quantity. Households were asked to specify and show the amount of fuel used with that particular dish, which the enumerators who were equipped with weigh scales weighed then. In combination with information collected on the number and type of dishes cooked per week, the weekly wood consumption can be determined.
Methodological issues and theoretical thoughts
Our assessment will focus on three types of effects. First, reduced wood consumption and hence reduced production costs for dolo breweries; second, a reduced price of fuel wood for consumers of household cooking energy; and, third, an environmental benefit through reduced deforestation and lower CO2 emission. In what follows we explain very briefly how we account for each of these three effects.
Direct effects on breweries
To provide an assessment of the direct benefits accruing to Roumdé users, we focus on woodfuel savings per litre of dolo brewed and changes in monthly profits. In principle, a straightforward approach to obtain this information could be to undertake a controlled cooking (or brewing) test (CCT). Here, the same amount of dolo beer is prepared using a 12 traditional stove and a Roumdé. However, such tests cannot provide more than a technical benchmark of the potential savings associated with the use of an improved stove, since the effective savings in real-world breweries might deviate from such tests for various reasons.
First, breweries may use simultaneously different cooking stoves, i.e. improved and traditional ones. Second, it is unlikely that a dolotière in a CCT under observation behaves as she would behave under day-to-day conditions (known as the Hawthorne effect); for example, in reality the dolotière may do a number of activities simultaneously and, hence, cannot dedicate the same attention to her stove as a brewer in a controlled cooking test. Third, as mentioned above, the effectiveness of a stove may decline over time due to inappropriate maintenance.
Hence, in order to assess the effective savings, a large representative survey which captures the diversity of real-world cooking practices is required. A major problem that needs to be overcome is non-random-selection into the treatment group, i.e. the users of Roumdé stoves may systematically differ along a number of characteristics from non-Roumdé users.
To the extent these characteristics are correlated with wood consumption, this leads to biased impact estimates, because differences in wood consumption are falsely attributed to the Roumdé. We try to redress at least the bias that stems from observable differences through the use of 'propensity score matching (PSM)'. 8 Because in our case the sample size is relatively small and the impact assessment needs to be done separately for different pairs of stoves (Roumdé stoves vs. traditional stoves and Roumdé stoves vs. improved traditional stoves) the standard matching approach is not feasible as the number of cases in the various treatment and control groups would be too small. In this case it is better to rely on a special variant of the matching approach, proposed by Hirano, Imbens and Ridder (2003) and further discussed in Hirano and Imbens (2001) in which the inverse of the propensity score is used to weight each observation in the treated group, and the inverse of one minus the propensity score (i.e. the propensity of not being in the treated group) in the control (see Hirano and Imbens, 2001; Posner and Ash, 2012) . This formula is used to determine the average treatment effect, whereas Brunell and DiNardo (2004) provide an extension thereof for the treatment effect on the treated (see below), which will be used in this study. Weighting has the advantage of including all the available data. The risk is, as shown by Freedman and Berk (2008) that weighting may increase random error in the estimates, which leads to a downward bias of the estimated standard errors, even if the selection mechanism is well understood.
8 Besides PSM, the literature proposes a number of other matching estimators (see e.g. Cameron and Trivedi, 2009 ).
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The implementation of the procedure involved the following steps. First, we estimate a probit model of being a user of a Roumdé stove:
where the dependent variable is the binary outcome of a brewery i having an ICS. The underlying latent variable is the conditional probability of having an ICS. The matrix stands for a set of observable characteristics Z explaining stove ownership, such as the number of years the dolotière is already in business, her age, age squared, education and her location.
The vector ß are the associated effects that are estimated. ω stands for the error term and ϴ stands for the cumulative standard normal distribution function, i.e. the underlying probability distribution in a probit model.
Formally, the propensity score is defined as
To attain the average treatment effect on the treated, weights can be computed from these propensity scores as outlined in Brunell and DiNardo (2004) for both treatment and control observations, denominated µ Ti = 1 and µ C respectively:
where p T to the fraction of treatment observations and p C to the fraction of control observations. Table A .2 (Appendix) shows the differences in the household characteristics used to estimate the probit model above before and after reweighting. Two sets of weights are used. One does exclude the other include the quantity of dolo produced. This is done, since on the one hand the quantity of dolo produced is an important correlate of adoption, on the other hand it canot be excluded that the quantity of dolo produced is altered following the adoption of a Roumdé. Hence, results are shown using both sets of weights. It can be seen that the reweighing procedure leads to an almost perfect balance; none of the differences between the group of owners and non-owners is statistically significant anymore. The impact evaluation is then based on the following regression model:
where ln � stands for the outcome of interest: expenditure for firewood per brewing. The tilde indicates that all observations are reweighed with the propensity score-based weights. � and � are indicator variables taking the value one if a given brewery uses an improved 14 traditional or a Roumdé stove respectively or alternatively are shares measuring the share of brewing days that fall on improved traditional and improved stoves respectively. Hence, β 1 and β 2 are the main coefficients of interest, the saving rates associated with these two types of stoves. The saving rates are always in relation to traditional stoves. � stands for a vector of characteristics relative to the brewery and the observed brewing such as the condition of the used stoves, the number of cauldrons, the quantity of dolo produced per liter, the quantities of malt and water used and the mode of wood provision. As above, � stands for a vector of characteristics of the dolotière. The term stands for the error term.
Yet, since with a matching estimator a bias due to unobserved heterogeneity can never be ruled out, even if both groups are balanced across a large number of observable characteristics, we also test the robustness of our findings with a difference-in-difference estimator, i.e. we compare the changes in wood consumption over time for those that adopted between both surveys a Roumdé and those who did not. The few breweries that had already an improved stove in the 2010 survey are removed from the sample. The double-difference estimator can, in contrast to the matching estimator, also account for unobservable variables as long as they are constant over time, such as for instance astuteness. The diff-in-diff estimator can be calculated non-parametrically or in a parametric regression framework thus allowing controlling for observed time-varying characteristics that could still lead to a bias if omitted. Hence, the regression can be specified as follows:
where the variables follow the same notation than above. The subscript t indicates time.
2012
is an indicator variable taking the value one if a given observation is made in 2012. The coefficient of interest, the saving rate associated with the use of an improved stove, is given by β 1 , the effect of the interaction effect of treatment and time conditional of time effects and being in the treatment group.
Since the 2010 survey does not allow distinguishing traditional from improved traditional stoves, Equation (5) does not differentiate between improved traditional stoves and traditional stoves. Moreover, given the small sample size of the panel and its short horizon with just two waves 9 , individual fixed-effects cannot be added to Equation (5), i.e. only time-constant heterogeneity between users and non-users is removed. However, a limited set of observed time-constant characteristics, Z i , can be added to the list of regressors to capture some of the remaining within-group heterogeneity.
A strong implicit assumption of the difference-in-difference estimator is that both groups would have evolved in the same way in absence of the program (parallel trend assumption).
Another drawback specific to the case under study is that only a relatively small sub-sample of all dolotières has been interviewed in both years. This sub-sample may not be representative of all dolotières. However, representativeness can be tested by regressing an indicator variable 'being surveyed in both years' on a set of characteristics observed in 2010.
Table A1 (Appendix) shows the result of such a regression. It can be seen that none of the included explanatory variables is significant, except size of the brewery as measured by the quantity of dolo made per brewing. The overrepresentation of larger breweries could introduce a bias if size of the brewery also has an effect on improved stove adoption and the consumption of firewood per litre made. This is why it will be important to take into account the size of breweries.
The principal outcome indicator we focus on is the quantity of fuel wood used per brewing process evaluated at its market price. The 'treatment' is coded in two different ways:
either by a binary variable 'having or not having an improved dolo stove' or by a variable measuring the share of stove-days per brewing process that are provided by improved dolo stoves. If for example a brewery uses two stoves for production and one brewing takes two days over which both stoves are continuously in use then each stove provides two stove-days.
If one of the two stoves is an improved stove, the share of stove-days provided by an improved stove is 50%. Using the binary variable it is possible to estimate the percentage reduction of fuel wood per brewing process if an improved dolo stove is in use. Using the share variable, it is possible to estimate more precisely the relative reduction of fuel wood consumption as the number of improved stove-days increases. The concept of stove-days is a better concept than the binary variable of an improved stove for breweries that work with different stoves simultaneously. Since, the quantity of dolo produced per brewing differs across breweries, as do the quantities of malt and water used, the quality of the stove and so on; these factors need to be included in the estimations. Eventually, this allows computing the average savings for Roumdé users per litre of dolo made. 
Externalities on fuel-wood consuming households
To estimate the impact of the reduced price for fuel-wood induced by the adoption of improved stoves and the resulting fuel-wood savings, we proceed as follows. As a starting point we use the official estimates of the total amount of wood consumed by dolo breweries and private households (D). To this amount we apply the estimated saving rate conditional on alternative assumptions on the adoption rate of improved cook stoves among dolo breweries.
This yields the change in wood consumption among dolo breweries (∆D). Assuming that at least in the short term the aggregate wood supply is not reduced we calculate the price change (dp) that is necessary that the wood saved by dolo breweries is completely absorbed by private households. The latter obviously requires an estimate of the price elasticity of demand, ε. As we do not have data that would allow estimating such elasticities in a reliable way, we simply make three alternative assumptions. The induced price change is given by:
Since wood is used for the preparation of food and food is a basic necessity, we believe that it is plausible to assume that the price elasticity, ε, is rather below than above one. Since, our data does also not allow computing cross-price elasticities, we ignore possible substitution effects. We simply estimate the welfare effect resulting from savings in wood expenditure, dW, by multiplying for each household in our sample the induced price change, dp, with the quantity of wood consumed, per household, q, i.e.:
Since we are not only interested in the total welfare effect or the average welfare effect per household, but also in whether the price change affects poorer households more, we compute hypothetical benefits across the entire expenditure distribution. Medical research has examined the effects of air pollution induced by open fires on various illnesses for decades (see Armstrong and Campbell 1991; Campbell et al. 1989; Dherani et al. 2008 , Kan et al. 2011 McCracken et al. 2011; Pandey 1984a; Pandey 1984b, and Pandey et al., 1989) . Second, on the regional level the consumption of firewood contributes to deforestation and forest degradation if fuelwood demand outpaces supply by forests. While there has been a long discussion about the extent to which firewood collection in facts leads to deforestation (see Bensch and Peters (2013) for an overview), there is compelling evidence that at least charcoal contributes substantially to deforestation. The reason is that charcoal cannot be produced out of the dead wood and small branches that are mostly collected by households for cooking purposes. Charcoal production requires larger trunks that have to be cut.
Environmental benefits
The third environmental implication of firewood usage is the emission of climate relevant substances. The emission of CO 2 that is induced by the combustion of wood is just as high as the amount of CO 2 that has been sequestered by the tree in the growing process. If only as much wood is extracted from forests as is produced by the natural growing process, the combustion of woodfuels is CO 2 neutral. Therefore, woodfuel usage only contributes to the net increase in atmospheric CO 2 to the extent that the wood is extracted in a non-sustainable manner leading to a loss of carbon sinks via deforestation or forest degradation 10 . This obviously depends on factors like biomass production and population density and is hence due to geographical variation, but for many regions it can be expected that fuelwoods are not extracted sustainably and thus firewood usage contributes to net emissions of CO2 (World Bank 2011 , Martin et al. 2011 , Johnson et al. 2009 ). In addition to CO2, the combustion of biomass based fuels is the dominant source of black carbon emissions (Baron et al. 2009 ).
Black carbon, if gathered in high concentrations in the atmosphere, absorbs sunlight and in this way contributes substantially to short-term warming processes. 11 Shindell et al. (2012) identify the reduction of firewood consumption for cooking purposes as a promising quick win against short-term climate change processes, because unlike classical climate gases such as CO2 or methane the short-lived nature of black carbon suggests that strong immediate 10 IPCC (2013) estimates that net land-use change, mainly deforestation, is responsible for about 10% of the total anthropogenic CO2 emissions. 11 While the IPCC estimated the warming effect of black carbon for the first time in its 2007 report, the estimate in the current report has been revised upwards and is now twice as large as in 2007. In spite of a still high level of uncertainty, black carbon seems to be the second largest man-made contributor to global warming (after CO2), implying that its influence on climate would have been greatly underestimated so far.
action will generate immediate reduction of warming processes (see also Ramanathan (2007) and Wallack and Ramanathan (2009) ).
While it is obviously beyond the scope of this study to quantify the effects of the reduction in firewood consumption on local air pollution, forests and black carbon emissions, in Section 5.4 we will present a conservative calculation of reduction in CO 2 -emissions based on the methodology that is applied for the clean development mechanism (CDM), developed by the United Nations Framework Convention on Climate Change (UNFCCC).
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Results
The adoption of improved cooking stoves
In a first step a probit regression model is used to analyze the correlation between a range of socio-economic characteristics of the dolotières and characteristics of their breweries and the adoption of a Roumdé. In a second step, the role of these determinants and other factors are further scrutinized using the insights from the field visits, in-depth interviews and focus group discussions.
Theoretically, one would expect that adoption depends on at least four sets of variables:
First, it should depend on the degree of energy inefficiency in the before-situation, i.e.
breweries that have a high consumption of firewood per litre of produced dolo should gain most from the adoption of an improved stove. Second, adoption is also the more beneficial the higher the price of firewood. Third, adoption should depend on access to information, the intensity of marketing campaigns, i.e. dolotières need to be aware that improved stoves exist and what their savings potential is. Access to information should in turn be related to education, age, location and the interaction with other Dolotières. Fourth, it should depend on the dolotière's ability-to-pay and her access to credit.
Based on these considerations, the following explanatory variables are included in the quantitative analysis; a subset of them has also been used to implement the matching procedure: the age and age squared of the dolotière, her education, the number of years she is in business, the quantity of dolo she produces per brewing process as well as binary variables indicating whether the brewery is in Ouagadougou or in Bobo-Dioulasso and whether it is located in the urban area or outside the town in a rural community. The latter is particularly important, as in the rural communities of Bobo-Dioulasso no direct marketing has taken place and masons have not been trained specifically. The survey does not contain good proxies for wealth or even access to credit, as their measurement is typically very time-consuming in interviews. Dolotières are furthermore said to be relatively suspicious, what our in depthinterviews confirmed, hence questions seeking for information on wealth would have decreased their cooperativeness to accurately conduct the interview. We therefore abandoned wealth related questions in order not to jeopardize the compliance rate in our survey.
However, from other studies that investigate the investment behaviour of informal firms in
Ouagadougou and other West-African agglomerations, it is known that access to capital is generally an important constraint (Grimm et al., 2011) . This is further discussed in conjunction with the insights from the qualitative analysis. The results of the probit model are shown in Table 5 . Given that the quantity of dolo produced per brewing may change with the adoption of an improved stove, and hence the quantity produced has to be considered as endogenous, two sets of regressions are presented one with the quantity of dolo made on the right-hand-side and one without.
[please insert Table 5] The marginal effects shown in Column (1) of Table 5 , suggest that the probability of adoption is higher by 20% if the dolotière has at least completed primary education. The number of years in business has also a significant effect. Each additional year in business increases the probability of adoption by about 7%. However, the squared term is negative suggesting that this effect decreases with age. Adoption in the Ouagadougou region is much higher than in the Bobo-Dioulasso region, however this advantage mainly relates to the rural area of Ouagadougou. The reason for this has been given above. If the quantity of dolo is added to the list of regressors, the results suggest that for every percentage increase in the quantity of dolo produced, the probability of adoption increases by 0.2%. The age of the dolotière does not have a significant effect on adoption. The ethnic affiliation does have a weakly significant effect, but given the dominance of Mossi in Ouagadougou and Bobo in Bobo-Dioulasso it is difficult to disentangle this effect from the location effect.
The used questionnaire also included a module asking the dolotières without a Roumdé whether they know the Roumdé and if so, where they have heard about it. 60% of the nonusers reported that they know the Roumdé. Most of them, about 79%, have heard about it from neighbors and other dolotières. Another 10% know the Roumdé from FAFASO marketing campaigns and 6% have heard about them from their masons.
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Through in-depth interviews and focus group discussions, the determinants of uptake have been further explored. In general dolotières did not doubt the higher efficiency of a Roumdé, although they often mentioned that it requires a lot of effort to train staff in a way that less wood than with a traditional stove is consumed. Moreover, dolotières frequently mentioned that maintenance costs are a problem and that the investment costs of adoption are for many simply too high. Maintenance is a problem, because the way a Roumdé is conceived makes changing the cauldrons more difficult than with a traditional stove. Whereas with a traditional stove, a cauldron can simply be removed, with a Roumdé the change requires to break the mantle of the stove. This is, obviously, much more cumbersome, time-consuming and expensive. Typically, the change of cauldrons needs to be done by a mason and costs about CFA F 1,000 to 2,000 13 (although some dolotières were trained by FAFASO to enable them to make the change themselves). Given the intense heat, cauldrons made of clay have a relatively short life-span and need to be changed regularly; hence, many Dolotières believe if they switch to a Roumdé, gains from reduced firewood consumption are more than off-set by the higher costs for maintenance. Switching to aluminum cauldrons would solve the problem of maintenance somehow, as they have a longer life-span (a couple of years), 14 but it adds substantially to the investment that needs to be made up front. Depending on the size an aluminium cauldron costs between CFA F 20,000/30,000 (small) and CFA F 50,000/60,000 (large).
Increased maintenance costs are also related to the brittleness of the door of improved stoves. Since dolotières use relatively large trunks of wood, the doors often break; as they would either require to use smaller pieces of wood or at least to fill the stove with much more care. Repairing the doors is expensive in terms of time and money. Whereas a traditional stove can be maintained by the dolotières themselves, Roumdé stoves usually require a trained mason. Leaving the door broken in turn or at least not repairing it in a professional manner substantially reduces the efficiency of the stove. A Roumdé stove is also sensitive to rainfall. Many dolotières said that after the rainy season, the mantle is heavily damaged and frequently needs a professional repair. Traditional stoves might also be damaged by the wetness, but they are easier to repair and hence do not necessarily require professional help.
Moreover, it was also mentioned by many respondents that traditional stoves typically have five to six cauldrons, whereas Roumdés have only four. Hence, a Roumdé offers less brewing capacity but needs more or less the same space. A final issue which can further 13 Cost estimate of changing the cauldrons obtained from FAFASO. 14 It is difficult to provide an exact number here, as it depends a lot on how and how often they are used.
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explain lower take-up rates around Bobo-Dioulasso (besides lower program activity) is that 8% of all breweries still report to collect their own firewood (compared to 2% in and around Ouagadougou). As a consequence, the efficiency of their stove in terms of wood consumption is less of an issue and, hence, the incentive to buy a Roumdé might be somewhat lower depending on how they perceive the time cost implied by the firewood collection.
Wood savings and rate of return
As explained above, we produce two alternative estimates: First, one based on the difference in firewood consumption between Roumdé users and non-users in 2012, where all breweries without a Roumdé are weighted according to their empirical propensity to adopt a Roumdé; second, the difference-in-differences estimate of wood consumption comparing those breweries that adopted an ICS between 2010 and 2012 and those that did not.
The key results from the econometric assessment are shown in Table 6 and in full detail in Table A .3 (Appendix). The results suggest that breweries that use at least one Roumdé (they may still use traditional stoves in addition in case they use more than one stove) spend about 18% less on firewood per brewing process than breweries that use a traditional or improved traditional stoves (but no Roumdé stove). These estimates control for the quality of the stove, for the quantity of dolo per brewing, the quantity of malt used, the quantity of water used, the number of cauldrons used, the source of the firewood purchase, the age and age squared of the dolotière, her education, her ethnicity, the time she is already in business and indicator variables for Ouagadougou, urban areas, and the corresponding interaction effect.
The difference-in-difference estimator is similar in magnitude, but less precisely estimated, mainly due to the very small sample size. Because, the 2010 survey does not allow distinguishing traditional and improved traditional stoves, both categories are lumped together in the reference category. Hence what is estimated are savings relative to a mix of both types of stoves. These savings should be somewhat lower than those that one would obtain if measured in comparison to traditional stoves only.
[please insert Table 6] Since a non-negligible share of breweries use the Roumdé and traditional stoves simultaneously, these estimates provide for an accurate assessment of how much more firewood is consumed in non-Roumdé using breweries. However, it does not provide for an estimation of how much firewood could be saved if all brewing processes were prepared on a
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Roumdé stove. For this purpose, the share of stove-days that fall on a Roumdé stove is used as treatment variable. This is only possible with the 2012 data set. Moreover, the reference category is now also split into days that fall on a traditional stove and days that fall on an improved traditional stove. The corresponding results are shown in the lower part of Table 6 .
The estimated coefficient ranges between 0.36 and 0.38 depending on which version of the propensity score weights is used. This implies that a brewery that would switch from no Roumdé stove to only Roumdé stoves, realizes savings in firewood per brewing by about 36% to 38%. This saving rate is by roughly 40% smaller than what could theoretically be achieved if all brewing processes were done on a Roumdé (0.37/0.60). Remarkably, improved traditional stoves are at least associated with a saving rate of about 20%. Yet, the estimate is not very precise (p=16.7 to p=23.6).
Taken together the results show that the estimates are quite robust to the exact specification and weights chosen. However, a few potential sources of bias need to be discussed. First, the estimate might be downward biased, as the value of wood consumption might be reported with error. Second, the estimate might be upward biased, if uptake is correlated with unobservables that are associated with less wood consumption, such as astuteness. The bias could also be in the opposite direction, if Roumdé stoves are adopted by breweries that have unobservable characteristics that are associated with lower efficiency.
However, the similarity of the saving rates identified through the matching estimator on the one hand and the difference-in-difference estimator on the other hand, suggests that the bias that stems from unobserved heterogeneity is rather negligible. Finally, there could be a problem of reverse causality: breweries with a lower consumption of firewood per litre of dolo produced are in a better position than less efficient breweries to invest in an improved stove, leading again to an overestimated saving rate. The latter is particularly relevant if credit markets fail, which in the case of dolo breweries might be often the case. In sum, given the similarity of results in the difference-in-differences and the cross-sectional estimation and since potentially remaining biases work in opposite directions, there are good reasons to believe that the above estimate is sufficiently close to the true saving rate. This is also confirmed by the fact, that the gap between the saving rate actually achieved and the potentially possible saving rate is in line with the found gap for household cooking stoves. find that users of Roumdé cooking stoves realize firewood savings relative to traditional three-stones of roughly 24%, whereas the potential saving, as indicated through controlled cooking tests, stands at 40%.
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A look at the included control variables (see Appendix, Table A. 3) reveals some further interesting insights. First and not surprisingly, the production parameters such as the quantity of malt and water used and the number of cauldrons employed matter a lot for firewood consumption. Second, whether the wood was bought from a small retailer or a sort of "wholesale dealer" has only little effect. Third, the dolotière's education level has also no effect. Fourth, the location in Ouagadougou or Bobo-Dioulasso matters, as this does not only capture differences in the price of firewood, but also differences in the way dolo is produced. Table 6 also provides an alternative calculation where instead of traditional stoves, improved traditional stoves are used as a reference category. Assuming two brewing processes per week, these estimates suggest that the investment in a Roumdé is amortised after 6.5 weeks if a simple traditional stove is used as reference and after 14.7 weeks if an improved traditional stove is used as reference. Given that the estimated life-span of the Roumdé is much longer, buying a Roumdé seems to be a reasonable investment as long as wood has to be bought and cannot just be collected, which seems to apply for almost all dolotières we interviewed since more than 90% in our sample reported to buy their firewood.
If maintenance costs are taken into account, the amortization periods extend to 7.5 and 21.2 weeks.
[please insert Table 7] Three factors seem particularly important for the realized savings with a Roumdé stove.
First, in a typical brewery several other persons work next to the dolotières.. Even if the dolotière has some sense of how to use the improved cook stove efficiently, the other staff members do not necessarily know. Second, even if staff knows how to use a Roumdé in principle, they may not necessarily follow these rules, but rather stick to the procedures they have always applied. As explained above brewing dolo is not just a productive activity; it is an artisanry that follows first of all a tradition where the adoption of new technologies is quite uncommon. For instance, not a single brewery has been found that brews with LPG, although that would be even more energy efficient, as the temperature could be regulated over the two 24 days in any time according to need. Third, the field visits showed that many of the improved stoves are in a very bad condition (in fact more than what the distribution of reported quality in the survey suggests). In particular the door and the inner of the combustion chamber were often damaged, due to the common practice of forcing huge trunks through the small door.
These damages obviously reduce the efficiency of Roumdés quite significantly. The latter would imply, if in the estimations above we could better account for the quality of the used stoves, the estimated saving rate should be closer to the potentially possible 60%.
Household welfare effects
In this section, we assess indirect effects of the energy efficiency intervention in the dolotières sector on domestic firewood users. The increase in energy efficiency among breweries creates an excess supply of firewood, which needs to be absorbed by the demand side in order to reestablish equilibrium. Additional demand can only be created as the price decreases. By how much it must decrease to absorb the excess supply depends on the households' price elasticity of demand. The Ministry of Environment assumes that Dolo breweries in Ouagadougou account for about half of the entire wood consumed in Ouagadougou. Hence, to compute the corresponding amount of wood we use the information on wood consumption in our household data. We upscale this information using the estimated population size for Ouagadougou and our survey estimate of the average household size. This gives us the entire quantity of wood consumed by households, and given the 50% assumption, also that consumed by the dolotières. To this quantity, we then apply the monetary savings induced by the decrease of firewood consumption conditional on alternative adoption rates of improved stoves among dolo breweries. We use the actually observed Roumdé adoption rate in
Ouagadougou of 44% as well as two hypothetical rates: 75% and 100%. The saving rate is, as estimated above, set at 16%. To compute the wood price that ensures full absorption of the excess supply through private woodfuel consuming households we alternatively assume a price elasticity of demand of -0.5, -1 and -1.5. An elasticity of -0.5 for instance, means that households increase their demand by 0.5% if the price decreases by 1% and so on. Since, woodfuels are a basic necessity and there are no close substitutes for poor households, we believe that a price elasticity between -0.5 and -1.0 is most plausible. Table 8 shows the absolute and relative reduction in the price of firewood for the in total nine combinations of adoption rates and price elasticities. The observed average market price for one kg of wood is CFA F 50. Using the above estimated adoption rate among Dolo breweries 25 of 44% and hence a sudden excess supply of wood by 2,204 tons per month leads to a decline of the price of wood by 14% if the price elasticity is low. For a high price elasticity the absorption of the excess supply would only induce a price increase of 5%. If all Dolo breweries adopted improved stoves the price decline could be as high as 11% to 32%. Again, these computations ignore that under these circumstances the supply of wood would probably go down a bit. Such price reductions could of course also lead to second-round demand effects within the group of Dolo breweries.
[please insert Table 8] To illustrate the distributional effect of the reduced price of woodfuels we draw "benefit incidence curves", i.e. we show the relative reduction in household expenditures that is due to the reduced price. These curves are presented in Figure 2 , they take into account the budget share spent on wood for each single household. Obviously, households that spend a relatively large share of their budget on woodfuels save relatively more than households that consume only little. To keep the analysis simple we apply the same saving rates for fire wood and charcoal. Figure 2a 
Environmental benefits
The UNFCCC methodology to calculate the net CO2 savings induced by energy efficiency measures in thermal applications relies on three decisive figures: the quantity of wood saved by the intervention, the share of this savings that is non-renewable (burning renewable wood 26 is obviously CO2-neutral), and the amount of CO2 that is emitted when burning wood. These three factors are determined in the following guided by the UNFCCC methodology.
In order to derive the quantity of wood that is saved by using the improved cooking device, UNFCCC requires taking into account an adequate baseline scenario and real-world usage behaviour. Three approaches are enumerated, the so-called controlled cooking tests (CCT) and the water boiling tests (WBT) are laboratory tests, while the third option, the kitchen performance tests (KPT), is a field test that involves intense monitoring. It can be expected that such controlled laboratory tests or intensively monitored field tests yield higher savings rates than what can be effectively observed in the field. Therefore, we use the survey data that we analysed in the previous sections. The total wood savings we obtained for the two citiesaround 26,500 tons per year -thus constitute a conservative estimation within the UNFCCC methodology.
Second, the fraction of non-renewable biomass (fNRB), i.e. the amount of wood that can be considered as non-renewable needs to be determined. Here, the UNFCCC methodology allows for using both project specific fNRB that are specifically determined for the forests from which the wood is extracted in the project area or, instead, using conservative country specific default values for the fNRB. The default fNRB for Burkina Faso is 90%. In other words, it is expected that only 10% of the wood extracted in the country is replaced by the natural growing process. In line with this, we assume that 90% of the firewood used in the Dolo breweries in our sample is extracted in a non-renewable way and thus, the net wood savings due to the improved brewing stoves amounts to 23,850 tons per year.
Third, the amount of CO2 that is emitted when the wood is burned needs to be determined.
Since the carbon content of wood varies with the type of wood, the UNFCCC methodology uses a proxy and assumes that woodfuel users would gradually switch to fossil fuels for cooking; kerosene, liquefied petroleum gas (LPG), or hard coal. UNFCCC then approximates the achieved reduction in CO2 emissions by transferring the calorific value of the economized wood into this fossil fuel mix and takes the corresponding amount of CO2 per calorific unit.
The UNFCCC default for wood fuel is 0.015 TJ/tonne. Hence, the calorific value of the saved wood equals 357.75 TJ.
Since kerosene and hard coal are not used in Burkina Faso for cooking or brewing, we use the CO2 content of LPG as the emission factor, which is also a more conservative estimation given the higher CO2 intensity of kerosene and hard coal. The emission factor for LPG is 63.0 t CO2/TJ. Therefore, 22,538 tons of CO2 are saved. Burkina Faso as a whole emitted 27 1,683,000 tons of CO2 in 2010 15 , so the achieved savings correspond to 1.3% of the emissions of the country.
Conclusion
In this paper we first evaluated the direct effects of an improved brewing stove program on firewood savings in local beer breweries in urban Burkina Faso and, then assessed the indirect effects of these savings on the price of firewood and hence on residential users' welfare in the affected cities. Furthermore, we approximated the intervention's effect on CO 2 -emissions that is achieved through a reduced deforestation and thus of carbon sinks. Since according to the Burkinabè Ministry of the Environment the breweries absorb around half of the firewood consumption in urban Burkina Faso, considerable second-round effects on the welfare of firewood users and the environment can be expected to the extent the intervention proofs to yield first-round effects on the firewood consumption of the breweries. We used two original data sets we collected among the dolotières, and among urban households. The energy efficiency intervention in fact leads to a reduction in firewood consumption of around 16 %.
For the second-round effects we use the household data set, derive firewood demand and, based on alternative price elasticities simulate the price decrease to be expected following the sudden reduction in firewood consumption of the breweries. We find a reduction in the price of firewood of the order of 5 % to 14 %, depending on the price elasticity of wood demand.
As for the environmental effect, we find that around 1.3% of the overall Burkinabè CO 2 -emissions are avoided due to the intervention.
The intervention therefore not only qualifies as a classical green growth policy, but also as pro-poor policy. It clearly eases adverse effects of a market failure (because social costs of firewood consumption are not fully internalized) and hence implies a Pareto-efficient improvement to the economy. In addition, the induced changes lead to a welfare increase for the poorest strata. Dercon (2014) 24, 2014) . Note that no data is available on non-CO2 climate relevant emissions, so the share will be considerably lower in terms of CO2-equivalents. In developing countries, methane and nitrous oxide emissions constitute the larger share of Kyoto relevant climate gases. 16 The group of wood sellers might suffer from a decrease in sales, but obvsiouly their number is comparatively small.
28 energy efficiency interventions as described in Dercon (2014) : First, the targeted fuelfirewood -unlike fossil fuels is traded on regional markets and not on the world market. As a consequence, price effects materialize, which would not be the case if fossil fuel consumption is targeted. Even if substantial decreases in fossil fuel consumption are achieved, a country like Burkina Faso can hardly be expected to affect fossil fuel prices on world markets.
Second, the targeted fuel is used by the vast majority of poor households in Burkina Faso on a daily basis and, hence, they benefit from the second-round effects on firewood markets. In particular, urban areas firewood is almost always bought (and not collected as in rural areas) and the related expenditures constitute a considerable burden. Energy efficiency measures that target fossil fuels or electricity consumption would hardly benefit the poorest, since these fuels are barely used by the deprived strata.
Also beyond Burkina Faso, in particular the poorest of the poor living in cities spend substantial shares of their expenditures on woodfuels. Therefore, our findings suggest that green growth policies focussing on woodfuel sectors in developing countries offer a double dividend by removing market failures with harmful consequences for both the local, regional and global environment and alleviating poverty among the poorest of the poor at the same time.
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Appendix
Determinants of drop-outs [please insert The coefficients show marginal effects, i.e. the change in the probability of uptake for a one unit-change in the explanatory variable (or a change from 0 to 1 for binary categorical variables). * significant at 10%, ** significant at 5%, *** significant at 1%. Robust standard errors in parentheses. Source: Own estimations, based on Brewery Survey in 2012. 
